
Vol.:(0123456789)1 3

European Journal of Orthopaedic Surgery & Traumatology (2021) 31:1639–1645 
https://doi.org/10.1007/s00590-021-02903-7

ORIGINAL ARTICLE

Intraneural ganglion cysts of the peroneal nerve

Zinon T. Kokkalis1 · Dimitrios Kalavrytinos1 · Stefania Kokkineli2 · Antonios Kouzelis1 · Spyros Sioutis3 · 
Andreas F. Mavrogenis3  · Andreas Panagopoulos1

Received: 29 December 2020 / Accepted: 8 February 2021 / Published online: 2 March 2021 
© The Author(s), under exclusive licence to Springer-Verlag France SAS part of Springer Nature 2021

Abstract
Background Intraneural ganglion cysts of the peroneal nerve are rare, and there is lack of evidence for the surgical manage-
ment of this entity. We performed this study to evaluate the imaging, diagnosis, treatment and outcome of seven patients 
with intraneural ganglion cysts of the peroneal nerve.
Materials and methods We retrospectively studied the files of seven patients with intraneural ganglion cysts of the peroneal 
nerve, diagnosed and treated from 2016 to 2019. Diagnostic approach included clinical examination of the leg and foot, 
magnetic resonance imaging, nerve conduction studies, surgical excision of the cyst and histological examination. The 
mean follow-up was 2 years (range 1–3.5 years). We evaluated the time and methods for surgical treatment, and the clinical 
outcomes of the patients.
Results All patients presented symptoms of peripheral compression neuropathy; three patients presented with foot drop. 
The intraneural ganglion cysts were excised in all cases in addition to knee articular nerve branch transection to avoid cysts 
recurrence. Postoperatively, all patients experienced complete neurological recovery without clinical evidence of intraneural 
ganglion cysts recurrences.
Conclusion The treating physicians should be aware of intraneural ganglion cysts of the peroneal nerve in patients presenting 
with limb weakness, sensory deficits at the lateral and anterior side of the leg and foot, paresis or paralysis of the foot and 
ankle. MR imaging is the imaging modality of choice for a clear and accurate preoperative diagnosis to avoid misdiagnosis 
and wrong treatment. In case of doubt, these patients should be managed in an orthopedic oncology setting with microsurgery 
facilities available for complete excision of the intraneural ganglion cyst.
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Introduction

Intraneural ganglion cysts are benign cystic formations in the 
epineurium of nerves that usually contain a clear, jelly-like 
fluid [1]. Most commonly they involve the common pero-
neal nerve and rarely the ulnar and radial nerves [2, 3]. The 
common peroneal nerve (L4-S2 nerve roots origin) arises at 
the superior angle of the popliteal fossa and extends to the 

lateral angle of the popliteal fossa, along the medial border 
of the biceps femoris muscle. Entering the lateral compart-
ment of the leg, it winds around the neck of the fibula to 
pierce the peroneal longus muscle and divides into terminal 
branches of superficial fibular nerve and deep fibular nerve 
[4]. At this point, intraneural ganglion cysts may occur [3, 
5, 6].

The pathogenesis of peroneal intraneural ganglion cysts 
is unknown. Recently, evidence mainly supports the syno-
vial theory, according to which intraneural ganglion cysts 
occur by a retrograde flow of synovial fluid of the knee joint, 
through a capsular defect, into the epineurium of an articu-
lar branch of the peroneal nerve and then into the common 
peroneal nerve [5]. Peroneal intraneural ganglion cysts typi-
cally lead to signs and symptoms of compressive peripheral 
neuropathy such as pain, sensory disorders and weakness 
or paralysis of the muscles supplied by the peroneal nerve. 
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The diagnosis is obtained with magnetic resonance (MR) 
imaging. Τhe treatment of choice is surgical excision of the 
lesion, with optimal postoperative results. The local recur-
rence rate after excision is high if the cyst is not removed 
completely, and/or if the articular branch to the knee joint is 
not transected intraoperatively [6].

To enhance the literature, this article presents a series of 
seven patients who underwent successful surgical excision 
of intraneural ganglion cysts of the peroneal nerve. The aim 
is to discuss the clinical presentation, imaging diagnosis of 
the lesions and surgical treatment of the patients, as well as 
to increase the awareness of the treating physicians for the 
possible diagnosis of intraneural ganglion cysts in patients 
with neurological symptoms in the foot.

Patients and methods

We retrospectively studied the files of seven patients who 
were admitted and treated at the authors’ institutions with 
intraneural ganglion cysts of the peroneal nerve from May 
2016 to October 2019. There were four women and three 
men, with a mean age of 52.5 years (range 29–68 years). 
Four patients presented with paresis and three patients pre-
sented with paralysis of the ankle and foot dorsi-flexors 
(tibialis anterior, extensor digitorum longus and extensor 
hallucis longus) and foot evertors (peronei); all patients 
experienced hypoesthesia in the anterolateral side of the 
affected leg. No patient experienced a palpable mass at the 
head/neck area of the fibula, and no patient reported any 
previous history of trauma to the region. The mean time 
from initiation of neurological symptoms to presentation and 
diagnosis was 2.5 months. The mean follow-up was 2 years 
(range 1–3.5 years). No patient was lost to follow-up. All 
patients gave written informed consent for their data to be 
included in this study.

Anteroposterior and lateral radiographs of the knee were 
normal in all cases. Nerve conduction studies showed that 

the common peroneal nerve was affected at the fibular neck 
level in all cases, with a mean motor nerve conduction veloc-
ity (NCV) tibial of 41.35 m/s and a mean motor NCV pero-
neal of 35.3 m/s (Table 1). The Medical Research Council 
muscle (MRC) scale for muscle power assessment showed 
a mean grade 1–2/5 of dorsiflexion in all patients and vari-
able eversion deficit in three patients. MR imaging showed 
a mean of 4.25 cm in maximum diameter cystic lesion at 
the point where the common peroneal nerve divides into the 
superficial peroneal nerve and the deep peroneal nerve in all 
patients (Fig. 1a–c).

All patients were operated under general anesthesia in 
the supine position. The procedure was performed using 
high thigh tourniquet. The skin incision was done along the 
posterior border of the fibular head and extended proximally 
along the lateral border of biceps femoris tendon (Fig. 1d). 
Using microsurgical dissection with 3 × binocular loupes 
magnification, the common peroneal nerve was identified 
and released from adhered fibers of the long peroneal muscle 
and its fascia (Fig. 1e). With careful dissection, the entire 
ganglion cysts that infiltrated the common peroneal nerve 
were completely excised (Fig. 1f, g), and sent for pathol-
ogy in all cases. The articular nerve branch of the common 
peroneal nerve was transected in all cases. Due to presence 
of hourglass compression of the nerve, under loupes magni-
fication, external neurolysis was done aiming for complete 
nerve decompression (Fig. 1h–i).

Results

Macroscopic (Figs. 2a–d , 3a–c) and microscopic examina-
tion of the lesions showed ganglion cysts in all patients. The 
cysts had a smooth lining and a wall thickness ranging from 
1 to 5 mm. Microscopically, the wall of the cysts was formed 
by hyalinized paucicellular connective tissue.

Postoperatively, the neurological status improved in all 
patients at an average time to achieve MRC grade 4–5/5 of 

Table 1  Details of the seven patients with intraneural ganglion cysts of the peroneal nerve included in this series

NCV nerve conduction velocity, MRC medical research council muscle scale

Patients no Age/ gender Time from initiation 
of symptoms (months)

Symptoms 
(ipsilateral ankle/
foot)

Motor NCV 
(tibial) (m/s)

Motor NCV 
(peroneal) 
(m/s)

MRC 
Preopera-
tively

Recov-
ery time 
(months)

MRC 
Postopera-
tively

1 54/M 3 Paralysis 36.2 28.7 1 9 5
2 29/M 2 Paralysis 46.2 39.8 1 7 5
3 68/F 2 Paresis 43 34.5 3 3 5
4 59/F 3 Paralysis 40 38.2 1 6 4
5 35/F 6 Paresis 42 35 3 4 5
6 38/F 2 Paresis 40 36 4 4 4
7 36/M 4 Paresis 41 37.4 4 3 5
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dorsiflexion of 6 months. Muscle weakness and loss of sensa-
tion persisted the first few weeks after the operation but recov-
ered completely in all patients gradually, within 3 months to 
9 months (mean, 5 months). No clinical evidence of ganglion 
cysts recurrence (palpable mass or neurological deficits) was 
reported until the period of this study. No medical therapies 
associated with the surgical operation were administered post-
operatively to any of the patients in this series; an ankle and 
foot orthosis was used until neurological recovery in the three 
patients with paralysis of the ankle and foot dorsi-flexors. No 
imaging or nerve conduction studies were done in any of the 

patients postoperatively because of the lack of clinical findings 
at follow-up; in case of clinical findings (palpable mass) and 
recurrent neurological deficits, an MR imaging study would 
have been performed.

Discussion

Peroneal nerve palsy is one of the most common peripheral 
neuropathies of the lower extremity [3, 4, 7–9]. Previous 
studies have reported that multiple causes are responsible 

Fig. 1  A 54-year-old man with paralysis of the left common peroneal 
nerve (Table 1; Patient 1). T2-weighted a axial, b sagittal and c coro-
nal MRI of the left knee show a cystic fluid-filled mass in close prox-
imity to the common peroneal nerve. d Through a direct approach 
over the course of the peroneal nerve centered 2 cm posterior to the 
fibular head, e the nerve was identified and dissected, and f using 

microsurgical technique the ganglion cyst was g excised. Due to hour-
glass compression of the peroneal nerve (arrows), h external neu-
rolysis followed by i longitudinal epineurotomy and limited internal 
neurolysis to release the fascicles was done. The patient experienced 
complete recovery of his neurological symptoms 9 months postopera-
tively.
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for this condition that often leads to motor and sensory defi-
cits of the limb. External compression is the most common 
cause, but other causes such as trauma, tight casts, system-
atic metabolic diseases and prolonged bed rest may also 
exist [8, 9]. Additionally, not only a direct trauma can cause 
peroneal palsy, but also and indirect trauma such as an ankle 
sprain may lead to peroneal nerve neurapraxia from stretch 
injury [7–9]. Intraneural ganglion cysts are rare causes of 

peripheral neuropathy and can affect any peripheral nerve. 
Usually, these cysts affect the common peroneal nerve and 
secondarily the ulnar and the radial nerve. The incidence of 
intraneural ganglion cysts is lower in children and adoles-
cents [10–12]. Intraneural ganglion cysts are non-neoplastic 
cysts that occur within the epineurium of the nerve. The 
main difference between intraneural ganglion cysts and 
other types of ganglion cysts is their relation to the nerves 

Fig. 2  A 29-year-old man with 
paralysis of the right com-
mon peroneal nerve (Table 1; 
Patient 2). T2-weighted a axial 
and b sagittal MR imaging of 
the right knee showed a cystic 
fluid-filled mass in proximity 
to the right common peroneal 
nerve. c Intraoperatively, an 
intraneural ganglion cyst was 
observed (arrows). d The cyst 
was excised after rupture its 
sheath. The patient experienced 
complete recovery of his neu-
rological symptoms 7 months 
postoperatively.

Fig. 3  A 68-year-old woman with paresis of the left common pero-
neal nerve (Table 1; Patient 3). a T2-weighted MR imaging of the left 
knee showed a cystic fluid-like mass in close proximity to the com-

mon peroneal nerve. b The ganglion cyst was carefully dissected and 
c completely excised. The patient experienced complete recovery of 
her neurological symptoms 3 months postoperatively.
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[13]. Conservative treatment is not recommended due to 
poor results; surgical treatment is successful in all cases 
with restoration of the nerve function, and limb mobility 
and sensation [3, 5, 10, 11]. However, to avoid iatrogenic 
nerve injury, careful nerve dissection and decompression 
using a microsurgical technique are recommended [10, 11, 
14]. Additionally, to prevent recurrence of the cyst, excision 
of the knee articular branch has been recommended [14].

Studies regarding intraneural ganglion cysts are limited 
[2, 3, 5–7, 10, 13–18]. In a retrospective study of 65 patients 
who underwent surgical excision of intraneural ganglion 
cysts of the peroneal nerve [3], the motor and sensory out-
comes were excellent postoperatively and poor postoperative 
results were related only to the time from onset of symp-
toms to surgical treatment. Although the optimal time of 
surgical excision is unclear, early surgery is recommended 
to avoid permanent nerve damage from nerve compression 
[15]. The size of the intraneural ganglion cyst and the age 
of the patients do not seem to be related to a poor prognosis. 
Imaging evidence of intraneural ganglion cysts recurrence 
was 9%, but symptomatic clinical recurrence rate was 6% 
[16]. Preservation of the knee articular branch of the pero-
neal nerve has been related to higher local recurrence rates 
of recurrence because of its anatomical position; therefore, 
excision or cauterization of the nerve branch has been rec-
ommended [3]. Degeneration of the proximal tibiofibular 
joint is an additional factor for local recurrence of intra-
neural ganglion cysts of the peroneal nerve after adequate 
surgical excision [6, 14–17]. Preservation of the proximal 
tibiofibular joint’s synovium that is responsible for the pro-
duction of joint fluid is closely related to high risk of recur-
rence [6, 14–17]. For this reason, complete superior tibi-
ofibular joint excision has been recommended to minimize 
the risk of intraneural ganglion cysts recurrence; excision 
of the joint has not been associated with joint instability 
provided that the lateral collateral ligament that is the main 
stabilizer of this joint has been preserved during exposure 
of the superior tibiofibular joint [6, 14, 17]. In the present 
series, in line with the literature (Table 2), we performed 
complete intraneural ganglion cysts excision and decompres-
sion of the peroneal nerve with careful external neurolysis, 
and transection of the knee articular branch in all patients 
to avoid recurrences.

In conclusion, intraneural ganglion cysts of the peroneal 
nerve are often misdiagnosed due to the rarity of this entity 
and the non-specific clinical presentation. The treating phy-
sicians should be aware of this entity in patients presenting 
with limb weakness, sensory deficits at the lateral and ante-
rior side of the leg and foot, paresis or paralysis of the foot 
and ankle. MR imaging is the imaging modality of choice 
for a clear and accurate preoperative diagnosis to avoid mis-
diagnosis and wrong treatment (whoops surgery). In case 
of doubt these patients should be managed in an orthopedic 

oncology setting with microsurgery facilities available for 
complete excision of the intraneural ganglion cyst. If per-
formed early, complete recovery of nerve deficits is the rule.
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